Although there is a growing body of literature on effective smokingcessation interventions, 1 there is limited knowledge regarding the factors that mediate cessation among teen smokers. Emerging literature suggests that physical activity, that is, bodily movements that enhance or maintain physical fitness and overall health, may mediate smoking cessation. [2] [3] [4] Potential mediating mechanisms include reductions in weight gain, withdrawal symptoms, and cigarette cravings; notably, the latter 2 factors are known contributors to cessation resistance and smoking relapse. [4] [5] [6] [7] [8] Studies on the relationship between physical activity and smoking among adults have reported both significant and nonsignificant findings. A systematic review of 13 randomized controlled trials by Ussher et al 3 found mixed results for physical activity interventions as catalysts for smoking abstinence. Three studies showed significantly higher smoking abstinence rates among participants who received the physical activity intervention, compared with control subjects, at the end of the intervention period. At the 12-month observation, however, only 1 of the 13 trials showed significance for exercise as a predictor of smoking cessation. In contrast, an extended adult intervention study using pedometers and fitness counseling found that moderate/vigorous physical activity was positively associated with sustained smoking abstinence at 24 weeks. 9 Interestingly, women had significantly higher quit rates in a cessation intervention, compared with programs with no fitness component. 4 Ultimately, Ussher et al 3 concluded that there is no harm in encouraging physical activity as a smokingcessation aid, because there is no evidence that it interferes with cessation. Dual intervention efforts seem logical, because a majority of youth and adult smokers are physically inactive 9 and a large body of evidence demonstrates the critical importance of physical activity for health throughout the life span. 2 The research described above focused exclusively on adults, but there is evidence that physical activity, ranging from aerobic activities (eg, team sports) to less-vigorous activities (eg, walking), is protective against smoking initiation and acceleration among youths. [10] [11] [12] Rodriguez et al 13 posited that, when physical activity is prescribed for teens, it may be important to consider how youths interpret or perceive the experience. The authors found, for example, that the effects of interscholastic sports participation on adolescent smoking might be related to how competent teens feel after the activity. Those findings suggest that motivation and self-efficacy may be important considerations for implementation of physical activity adjuncts to smoking interventions. To our knowledge, no published research has examined the value of physical activity in conjunction with teen smokingcessation efforts. Importantly, the teen years are a time when physical activity often decreases significantly; this may particularly true for teen smokers. 14 The present study developed a physical activity component (FIT) as an adjunct for an evidence-based teen smoking intervention, Not on Tobacco (N-O-T). 15 We used a randomized group design with 3 conditions, that is, brief intervention (BI) versus N-O-T versus N-O-TϩFIT. We hypothesized that youths who received N-O-TϩFIT would show significantly higher smokingcessation rates than those who received N-O-T or BI. Consistent with previous N-O-T research, 16 we also predicted that youths who received any exposure to N-O-T (whether as N-O-T or as N-O-TϩFIT) would have higher quit rates than their counterparts who received BI. N-O-T was selected as the program of use because it has been demonstrated to be effective and cost-efficient. [17] [18] [19] The program has been adopted by the American Lung Association and has received several federal designations. 20 Enhancing the potential applicability of our findings, a study found N-O-T to be the most widely used teen smoking intervention in the nation. 21 
METHODS

Participants
Participants were enrolled from West Virginia public high schools between 2006 and 2009. The study included teens (14 -19 years of age) who volunteered to participate. Our recruitment emphasized daily smokers but, given the variability in how teens perceive smoking status, we maintained a flexible inclusion criterion of Ն1 day of smoking in the previous 30 days, which is a well-established standard definition of a current smoker. 22 Study procedures received West Virginia University institutional review board approval, with active parental consent and youth assent. Table 1 describes the study conditions for N-O-TϩFIT, N-O-T, and BI. Extensive N-O-T program descriptions are available elsewhere. 23, [24] [25] [26] Although the core N-O-T curriculum includes content related to healthy lifestyles, such as generally increasing physical activity, improving nutrition, managing stress, and obtaining social support, the physical activity module (FIT) is more detailed, theoretically and empirically driven, gender-tailored, and linked specifically to N-O-T on a session-by-session basis.
Intervention Conditions
Study Design
Of the 123 high schools in West Virginia, 99 public schools met the inclusion criterion of having Ն300 enrolled students. Randomly selected schools were assigned randomly to 1 of the 3 study conditions (BI, N-O-T, or NOTϩFIT) by using an assigned code in a SPSS database (SPSS Inc, Chicago, IL) (Fig 1) . Of 60 schools that were selected randomly in 3 waves, 40 agreed to participate; schools were then assigned randomly. After random assignment but before study onset, 21 schools dropped out, citing recruitment challenges and time constraints. Schools dropped out equally across conditions, leaving a total of 19 schools. Our final teen sample included 233 participants.
Facilitator Training
School staff members and/or principals helped to identify facilitators across conditions. The research team and American Lung Association West Virginia provided training to facilitators (N ϭ 25) according to condition. According to the American Lung Association protocol, N-O-T facilitator training occurred over a 1-day (8-hour) period; an additional half-day (4 hours) focused on the research protocol. 27 Training topics included teen smoking and nicotine dependence, research basics, and National Institutes of Health ethics certification. The BI training lasted Ͻ3 hours and focused primarily on the research protocol. Trained facilitators initiated recruitment in their respective schools and provided interested students with the institutional review board-approved consent/assent forms, to be signed by guardians and teens and returned before enrollment in any condition (Table 2 ).
Data Sources
Researchers collected participant baseline data before the onset of intervention (Ϯ2 weeks). Follow-up evaluations occurred 3 and 6 months after the baseline assessment (Ϯ3 weeks), equivalent to 1 and 4 months after the quit date, respectively, for all conditions. In this article, we describe only measures relevant to the primary hypothesis for quit outcomes. Table 3 provides a summary of the 18 key variables used to assess the participants' baseline similarity, selected on the basis of their potential relationships to our primary outcomes. 15, 19, 28, 29 In addition to collecting data on daily cigarette use at the follow-up evaluations, we asked participants to classify themselves as "quit" or "not quit." Smoking abstinence was verified with exhaled carbon monoxide (CO) readings, which are valid for a few hours. A digital CO monitor provides a reading of CO levels in the body. As in previous N-O-T studies and other teen smoking studies, 30,31 our study applied a CO cutoff reading of Ͻ9 ppm to corroborate self-reports at the 3-month follow-up evaluation.
Analyses
The appropriate definition of cessation is subject to debate, especially in youth cessation studies. [32] [33] [34] In alignment with emerging field standards, 31 we examined 2 categories of quitting, that is, self-classified point prevalence (the proportion of teens who reported being a quitter at the assessment, regardless of the number of days since the last cigarette) and 7-day point prevalence (the proportion of teens who reported having no cigarette use in Ն7 days at the assessment). Both criteria used the CO-validated, intentto-treat sample with both observed and imputed data (described below).
Little attention has been given to missing data in published teen smokingcessation studies. Most studies report outcomes by using intent-to-treat or compliant (ie, completers) subsample analyses and view any missing data as "failure." Research shows that missing values in cessation trials can lead to biased estimates of outcomes that do not represent accurately the potential enrolled population. 16 Popular methods for dealing with missing data to produce complete data sets have serious drawbacks. 35 List-wise deletion can introduce biased estimates and reduced power, and simple mean replacement leads to reduction of the SE estimates. Similar to procedures used by Joffe et al 16 in a 2-armed randomized trial of N-O-T, the multiple-imputation procedure described by Rubin 36 replaces missing values with a set of plausible values, eliminating uncertainty about which are the correct values to impute. The procedure introduces "error" while maintaining adequate power.
An important step in multiple imputation is determining the "missingness" of the data, particularly data used to calculate the key outcomes. Three months after baseline, we obtained data from 75% of our subjects (174 of 233 subjects). Rates of missing data for our 3 key outcome variables (quit status, CO reading, and days since the last cigarette) ranged between 25%
and 39%. At 6 months after baseline, we obtained data from 63% of our subjects (146 subjects), with missing data rates of 37% to 74%. At 6 months after baseline, many youths had graduated and did not have the opportunity to complete the CO record in person (including the date of the last cigarette), which resulted in high rates of missing values. Therefore, we did not apply imputation, and we reported selfclassified point prevalence only.
Consistent with past N-O-T research, 15 reasons for missing data were not predictably related to smoking status (eg, transfer to a different school, need to be at work, illness, or graduation). Following the recommendations of Rubin, 35 we regarded these data as missing at random or missing completely at random. Our reference sample included 233 qualified participants. SAS procedure Proc MI (SAS 9.2 added; SAS Institute, Cary, NC) was used to perform the multiple-imputation method. We used the default Markov chain Monte Carlo method, because the missing data pattern was arbitrary.
We included 44 of 485 available variables in the imputation model, paying attention to those that might be used in subsequent analyses of the imputed data sets. 35 We included the dependent variable in the imputation model to reduce any artificial inflation of the relationship between the independent and dependent variables. The imputed values of the dependent variable did not provide additional error. 37 Therefore, we calculated our primary outcomes by using the 3 key variables (quit status, CO reading, and days since the last cigarette) with their imputed values for observed self-classified and 7-day prevalence quit rates from an average of 5 imputation series, which allowed for an SD 5% wider than if we had used an infinite number of imputations.
We applied standard analytic techniques to our final observed and im- Table 3) .
Because of limited time in the funding period and the potential for cohort effects over an extended recruitment period, the final number of schools per condition was not ideal. Given the small number of schools for each treatment condition (BI: N ϭ 6; N-O-T: N ϭ 6; N-O-TϩFIT: N ϭ 7), we were limited in our approach to controlling for the clustering in the design. The majority of approaches to control for clustering, such as multilevel modeling and generalized estimating equations, require a larger number of units per condition for adequate power. Therefore, we did not use those analytic approaches. In an attempt to determine whether outcomes might have been attributable to school-level differences rather than intervention effects, we conducted a series of analyses of variance to examine whether there were With respect to within-group levels of nicotine dependence, 1 N-O-TϩFIT school had nicotine dependence scores significantly higher than average (mean: 7.67; SD: 0.58), and 1 school had nicotine dependence scores lower than average (mean: 4.00; SD: 2.52; within-group F 6,69 ϭ 3.04; P ϭ .01). These differences in the N-O-TϩFIT schools were attributable to 1 school having no female participants (the school with higher-than-average nicotine dependence scores) and the other school having no male participants (the school with lower-than-average nicotine dependence scores). There were no significant between-group differences in levels of nicotine dependence (F 2,16 ϭ 2.62; P ϭ .10). Finally, 1 BI school had a lower-than-average value for the number of cigarettes per day (F 5,55 ϭ 2.60; P ϭ .04), which was the result of the school enrolling 2 in- Visual inspection of the data revealed an unusual distribution of participants in the precontemplation stage of change, particularly in the BI group (Table 3) . To explore this issue, we conducted a series of t tests to determine whether the differences in the stages of change between groups were statistically significant. Results demonstrated that the BI group had significantly lower scores for stage of change, compared with the N-O-T group (t 151 ϭ Ϫ3.72; P Ͻ .001) and the N-O-TϩFIT group (t 141 ϭ Ϫ4.17; P Ͻ .001). There was no significant difference between the N-O-T and N-O-TϩFIT groups with respect to stage of change (t 168 ϭ Ϫ0.37; P ϭ .71). Twoproportion z scores confirmed that there were significantly more participants in the precontemplation stage in the BI group, compared with the N-O-T group (z ϭ Ϫ5.5; P Ͻ .001; RR: 2.49) and the N-O-TϩFIT group (z ϭ Ϫ6.29; P Ͻ .001; RR: 2.50). There were no significant differences in the numbers of participants in the precontemplation stage in the N-O-T and N-O-TϩFIT groups. Further examination of the data showed that 1 BI school had a large number of boys in the precontemplation stage. To explore the potential effects of this confounding, we examined whether the large number of participants in the precontemplation stage in the BI group influenced quit outcomes in the BI group versus the other groups. Findings revealed that there were no significant differences in cessation outcomes between participants in the BI and N-O-T groups in the precontemplation stage (z ϭ 0.94; P ϭ .17) or between participants in the BI and N-O-TϩFIT groups in the precontemplation stage (z ϭ 1.12; P ϭ .13).
In support of the primary study hypothesis (Table 4) , the observed COvalidated, self-classified and 7-day point prevalence quit rates were consistent with our predicted trends 3 months after baseline. The 7-day quit rates were 4.76% for the BI group, 11.11% for the N-O-T group, and 13. physical activity to N-O-T did not decrease the risk of continued smoking for girls.
Across all measurement points and types of analyses, girls in the N-O-T group reported significantly higher quit rates than did girls in the BI group. The 7-day observed and imputed values for N-O-T and BI comparisons revealed remarkable RRs of Ն∞. The observed 7-day values showed that Ͼ13 times more girls in the N-O-T group, compared with girls in the BI group, quit smoking. Data strongly support the efficacy of N-O-T for smoking cessation among girls, with or without the physical activity supplement. However, the addition of more structured physical activity to N-O-T did not boost female cessation rates at the 3-month follow-up assessment. Similar trends were observed at the 6-month follow-up assessment. Depending on which quit rate calculation was used, it might be contended that the FIT component actually moderated quitting among girls.
DISCUSSION
Beyond examination of the influence of physical activity on cessation, this study served as an opportunity to examine quit rates under numerous conditions, including analyses similar to those used by Joffe et al 16 When we analyzed data according to gender, we discovered that the N-O-TϩFIT component decreased the risk of continued smoking fourfold among boys. This finding is consistent with evidence showing that physical activity is protective against smoking initiation and increased smoking levels among youths. [10] [11] [12] In contrast to adult studies, these data provide further justification for enhancing physical activity as part of the N-O-T program for male participants. 18, 19 the self-classified point prevalence rates were slightly higher than the 7-day rates. Point prevalence captures whether a participant is smoking at a particular point in time, and results can be validated biochemically, as in our study. 32 The 7-day rates do not allow for slips, which often accompany cessation behavior. Moreover, although we measured CO levels, it is generally difficult to validate smoking behavior biochemically beyond 24 hours. Among the biochemical measurements to confirm smoking status, cotinine measurements, although they are expensive, are preferred by researchers because of cotinine's 17-hour half-life. CO has a shorter half-life of 1 to 4 hours. 39 The various methods used to report quit rates cause some confusion regarding which reflect program outcomes most accurately. Point prevalence rates, such as the self-classified rates reported here, reflect real-time estimates of quit status and should be given consideration as a type of assessment of program impact. As presented by Hughes et al, 40 we contend that multiple measures of outcomes provide a more accurate picture of effect size and that the effect size (and not simply the abstinence measure) should be a "major criterion for suc-
FIGURE 3
Observed 7-day point prevalence rates 3 months after baseline. All values are percentages.
cess" and clinical relevance. Because we found baseline differences in stages of change (ie, readiness), we examined cessation rates according to stage within each condition. We found a higher-than-expected frequency of subjects in the precontemplation stage in the BI group, especially among boys. We are not certain how to interpret these findings; it is plausible that in 1 BI school there was a "piggyback" effect with boys. These differences, however, provided us with an opportunity to explore outcomes according to stage. As reported by Cahill et al, 41 the added value of adapting interventions to a smoker's stage of change is tentative. In their recent review, those authors reported that the evidence does not support the restriction of interventions only to smokers perceived to be in the preparation and action stages. Our study, in fact, found that both the BI and N-O-T conditions led to cessation across stages of change. In a N-O-T study by Dino et al, 42 participants in the BI group in the preparation stage were 25 times more likely to have quit smoking at postbaseline assessments than were participants in the contemplation or precontemplation stages. In contrast, N-O-T was effective for youths regardless of baseline stage. Although our present study used a randomized design, the BI sample had a greater proportion of participants in the precontemplation stage, particularly in 1 school. The teens in the BI group who quit smoking represented all stages of readiness equally. Logically, N-O-T was more effective than BI for those in the preparation stage and beyond.
This study included only West Virginia youths, which might limit the generalizability of the findings. For instance, opportunities for physical activity in this rural mountainous state may be more limited than in other geographic areas. Moreover, West Virginia has among the highest US teen smoking rates and lowest physical activity rates. 43 We must replicate the study with diverse groups of teens. Future studies also should give attention to co-occurring external influences on the intervention within the schools or communities. It is possible that the physical activity adjunct, rather than physical activity itself, was more culturally suitable for boys than for girls. The stage of change baseline difference also is a consideration for overall treatment effects, biased toward unusually high cessation outcomes for the boys in the BI group. Other unmeasured factors might be at play. Although we made great efforts to recruit and to randomize carefully, our sample size was small, as reflected in small numbers of participants per group and per condition. It has been suggested that designs such as that used in our study would benefit from addressing of intraclass correlations between randomized groups through analyses such as generalized estimating equations. 44 When the numbers of randomized groups (schools in the present study) are small (eg, Ͻ20), however, generalized estimating equations and similar techniques are inappropriate. 44, 45 In such circumstances, generalized estimating equations are known to result in biased estimates of effects. 46, 47 The availability of intraclass correlation estimates for smoking outcome variables in school-based smoking interventions is limited. However, a few studies showed that schoollevel intraclass correlations for smoking and other health behaviors ranged from 0 to 0.075. [48] [49] [50] Intraclass correlation coefficients in relevant schoolbased studies often are small, 51 which enhances our confidence in our treatment effects.
CONCLUSIONS
We conclude that the N-O-TϩFIT component had a large effect for boys, decreasing the risk of continued smoking almost fourfold by the end of the program. We also found significant overall effects of N-O-T, compared with BI, on quit status. With consideration of both the imputed and observed data, the overall, CO-validated, 7-day quit rates were between 13.75% and 33.75% for N-O-TϩFIT, between 11.11% and 19.78% for N-O-T, and between 4.76% and 13.33% for BI. The effect sizes were large, in favor of the intervention conditions. Overall, girls quit more successfully with N-O-T, compared with BI (RR: Ͼ∞), 3 months after baseline, and boys responded better to N-O-TϩFIT than they did to BI (RR: 2-3) or to N-O-T (RR: 1-2). In this study, the Յ5 minutes per session of additional effort by N-O-T facilitators to bolster physical activity had a significant program impact. A forthcoming article will explore whether the FIT component enhanced physical activity for N-O-T participants, paying particular attention to gender.
